The Lean Manufacturing and Six Sigma methodologies are increasingly being executed together and what we have today is the united work of both, and companies have come to understand that their integration makes it possible to take advantage of the strengths of both strategies, becoming a comprehensive and effective, suitable for solving various types of problems related to the improvement of processes and products. Routine management, process standardization and the study of times and movements to eliminate waste are key features of Lean Manufacturing, while finding the root cause for problem solving requires further deepening and analysis in Six Sigma. The Lean and Six Sigma can be viewed as useful tools for the operation of the systems of improvement, innovation and routine management that integrate the system of business management. The companies have implemented Lean Manufacturing with the aim of improving the elimination of waste in the processes. Companies using Six Sigma have found that by selecting projects and assigning them to teams, after a monitoring, the results would appear. Companies that implement Lean Six Sigma often awareness of the teams, seeking projects from different scopes with the focus of improving the structure of processes and achieve the results.
Why integrate?
The Lean Manufacturing and Six Sigma methodologies are increasingly being executed together and what we have today is the united work of both, and companies have come to understand that their integration makes it possible to take advantage of the strengths of both strategies, becoming a comprehensive and effective, suitable for solving various types of problems related to the improvement of processes and products.
Routine management, process standardization and the study of times and movements to eliminate waste are key features of Lean Manufacturing, while finding the root cause for problem solving requires further deepening and analysis in Six Sigma.
The Lean and Six Sigma can be viewed as useful tools for the operation of the systems of improvement, innovation and routine management that integrate the system of business management. For this reason, they are considered reference models. Santos et al. [1] points out that based on evidence about the potential of best practice approaches, different actors worldwide have been proposing and promoting different reference models. In general, these models serve as references for decision-makers in establishing practices to be used in operations and organizational processes usually associated with awards, certificates, or consultancies.
The companies have implemented Lean Manufacturing with the aim of improving the elimination of waste in the processes. Companies using Six Sigma have found that by selecting projects and assigning them to teams, after a monitoring, the results would appear. Companies that implement Lean Six Sigma often awareness of the teams, seeking projects from different scopes with the focus of improving the structure of processes and achieve the results.
Over time, companies have realized that these methodologies are complementary and since then, much has been written about combining Lean with Six Sigma as a process improvement approach, using best practices from each. For some authors like George [2] , the union of these two methodologies maximizes the value of the company.
There are many ways to combine these two methodologies. According to Corrêa and Gianesi [3] , in the Western world there has been a growing movement to recognize the strategic role of manufacturing in optimizing the production process and reducing its costs. Bendel [4] says that the way forward for implementing Lean Six Sigma depends primarily on the issues the company is currently facing and the nature of its business, as well as the aspirations of the company and its employees.
For Chaurasia et al. [5] , the shift from traditional manufacturing processes to Lean Six Sigma processes (LSS) implies positive results for companies in relation to the generation of revenues, customer and employee satisfaction, increased productivity, reduced waste and design of a quality product at low cost, as shown in Table 1 
Precision for large production volumes
With the expansion of the global consumer market in the late 1980s, especially through the breakdown of political barriers (iron curtain), quality no longer operates in thousands or hundreds of thousands, but in millions and hundreds of millions. This explosion imposes a new manufacturing standard on the world's major brand competition.
In addition, a new definition of Quality is focused by Harry and Schroeder [9] , who built their 6 Six Sigma concepts from their work with Motorola in the 1980s, which was losing market share to competition for cost and quality reasons. For them, the traditional definition of Quality aims at complying with the standards that companies create for the quality of their products and services, even if this means reworking (raising costs) of a specific part of the product/service due to) interaction between standards.
From the beginning, great emphasis was placed on the use of statistical tools for the treatment of variables in problem solving and reduction of process variation. The application of the Six Sigma approach is based on a standardized method for conducting the problem-solving process known as DMAIC, which is the abbreviation of the Define, Measure, Analyze, Improve, and Control phases. In each phase of this method, the use of some tools such as Process Mapping, FMEA, Hypothesis Testing, among others.
Six Sigma's creative management strategy extends the definition of quality by including economic value and practical utility for both the company and the consumer. It is a business relationship, where the incorporated value of the good means, on the company side, a certain expectation of producing quality products/services with the highest level of profits possible; by the consumer side, means that they have an expectation of buying high quality products at the lowest cost. In other words, the quality in the organization is greater when the costs are as low as possible for the company and for the consumer. The business strategy and philosophy built around Six Sigma show how changes in the organization must take place so that it can gain a new level of competitiveness by reducing defects in its industrial and commercial processes.
In traditional terms, 6 Sigma focuses on defect prevention, reduction of cycle times and cost savings. Unlike costly cost cuts, which reduce value and quality, 6-Sigma identifies and eliminates costs of waste, meaning that they do not add value to customers. In general, these costs are extremely high in companies that do not use it.
Companies operating at 3-Sigma or 4-Sigma levels usually spend between 25% and 40% of their revenue to repair or solve problems. This is known as the cost of quality or, more precisely, the cost of poor quality. Companies operating on 6-Sigma generally spend less than 5% of their revenue to fix problems.
The dollar cost of this difference can be enormous. General Electric estimates that the difference between 3-Sigma or 4-Sigma and 6-Sigma cost $8 billion to $12 billion a year. To achieve this goal, we use a set of proven techniques together with a cadre of well-trained, well-trained technical leaders known as black-belts to achieve a high level of efficiency in applying these techniques.
In other words, the number of Sigmas is a measure of process performance. The greater the number of Sigmas, the lower the variability of the process, the greater the process, the higher the probability of obtaining products that do not meet the customer's specification. Processes with little variability: More products complying with the specifications, as shown in Figure 1 .
In short, the definition of the term Six Sigma contains three distinct elements [10]:
1. A Measure: The term derives from the statistical concept of standard deviation that shows how much a process deviates from perfection; 2. One Target: Refers to a fixed rate of 3.4 defects per million opportunities; 3. Philosophy: Six Sigma is a long-term business strategy to reduce costs by reducing the variability of products and processes.
But, we can add another fundamental element:
4. Method: the use of a critical path (DMAIC/DMADV) that will show and facilitate the use of statistical techniques in each of the stages. 
Team
The incorporation of the rigor and discipline of the martial arts in the learning of the personnel, as far as the statistical techniques are concerned, is of singular performance the involvement of the people (green belts, black belts, master black belt and collaborators), in the specific projects and general process of obtaining Quality 6 sigma.
Team building presents a differential compared to other approaches, considering the growing burden of statistical studies that participants should be trained. From basic statistics to models and simulations, from Green Belts to Master Black Belts respectively.
In this, the trainings of the specialists are divided by area and degree of knowledge. The success of Six Sigma is subject to the existence of persons with the appropriate profile and who will be transformed, according to Figure 2a and b. 
DMAIC and DMADV
Six Sigma uses a variety of descriptive and inferential statistical techniques applied to the best performance of the process. It has intrinsic methods ( Table 2) that allow it to establish a critical path in the use of these techniques, guaranteeing the best result.
Lean manufacturing
The concept of Lean Production emerged in Japan after World War II created by Japanese Toyota's Eiji Toyoda and Taiichi Ohno, aiming to overcome the challenge of cutting costs while producing small quantities of many types of cars [11] .
The definition of the Lean Production system is given by Ohno (1988) 
6-sigma team roles (a) and responsibilities (b).
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The general view of the cited author is that he considers seven types of production losses: Although initiated in manufacturing, the Lean concept can also be deployed in several organizational areas [12] .
By aligning activities that create value by eliminating waste, the value stream is advanced smoothly and quickly according to the customer's request and not according to the producer.
Lean Manufacturing seeks process improvement by streamlining its flow, eliminating waste and emphasizing gains in speed and efficiency.
Womack et al. [11] present the five basic principles that can be used as a framework for an organization to implement the Lean methodology, these being:
1. Va l u e : Precisely specifying the value is the starting point for Lean thinking.
The value is defined only by the end customer. However, it is the organization that must identify what generates this value for the customer. Determining the value and defining the product, the next step is to specify the target cost based on the resources needed to manufacture the product with the specific characteristics;
2. Value flow: The value stream or value chain is the path traveled from the beginning of production to delivery to the end customer. Each step involved in the process is mapped on the premise that activities that cannot be measured cannot be managed and those that are not precisely identified cannot be analyzed and improved. With the mapping of the value stream it is possible to identify and eliminate activities that contain waste through waste elimination techniques;
Continuous flow:
From the analysis and mapping of the value flow, it is necessary to make the activities that generate value can flow through the process without interruptions. The best way to make products flow is to stream them wherever possible by rearranging the sequence and equipment so that it does not act on waiting and inventory between activities;
4. Pulled production: Pulled production aims to decrease the lead time for the consumer. Implementing the pulled system means producing a good or service only when the request is made by the customer and not pushing the product to the consumer; 5. Perfection: When the four principles are followed clearly, that is, the organization declares the value accurately, maps the flow of value so that products flow continuously or when customers pull these products, it is possible to achieve perfection of processes by eliminating losses and waste. Continuous improvement must always be sought to achieve this perfection. To the Lean Thinking, the most important thrust to perfection is to maintain transparency among everyone involved in the system so that it is easier to identify ways to create value.
The main management techniques used to implement the Lean principles are: Value Stream Mapping, Evaluation System with well-defined metrics, 5S, Kaizen, Kanban, Standardization, Visual Management and TPM (Total Productive Maintenance).
LSS: the Lean and Six Sigma integration
Before beginning the integration between Lean and Six Sigma, it is prudent to understand their similarities and divergences, according to Antony [13] , to enhance the work of the team in the reality of the organization:
1. Similarities:
• Core processes in the organization,
• Applicable not only in manufacturing activities,
• Management support is essential,
• It has customer focus,
• They are made up of multifunctional teams, and.
• The tools are complementary to each other.
Divergences:
• Six Sigma requires more intensive training compared to Lean Manufacturing,
• Lean Manufacturing focuses on waste reduction while Six Sigma in reducing variability,
• Six Sigma requires more investment compared to Lean Manufacturing,
• Lean Manufacturing aims to streamline the flow of processes while Six Sigma seeks to increase capacity,
• Lean Manufacturing does not present a systematic methodology for implementation, and
• Six Sigma presents specific designations as team empowerment.
It should be noted that Six Sigma supports Lean Manufacturing while it does not have a structured critical path (intrinsic method) for troubleshooting. But Six Sigma, in turn, does not focus on improving process speed, reducing lead time and eliminating waste, which are aspects of Lean Manufacturing.
Roadmap
The strong point for company culture is that statistical tools assist in the work of methodologies, reducing variability and making processes more stable and reliable.
Maintain improvements:
Ensure the perpetuation of the gains achieved and the consolidation of "LSS Culture", conducting periodic audits and re-energizing the program.
Results: Continuous improvement of LSS.
Strategies for integration
Therefore, it is necessary to keep in mind the importance of choosing the Lean Six Sigma implementation strategy that best suits the characteristics of the company and its business.
Lean and Six Sigma to be integrated into a broader system of organizational improvement, the potential of which would be far greater than the sum of these two initiatives. In this line, some companies have already created their own integrated systems, called business improvement systems.
Thus, according Table 3 , some authors cited Busso and Miyake [16, 17] , emphasize the importance of adopting strategies to implement the Lean Six Sigma methodology, so that it is aligned with strategy and strategic manufacturing decisions, in order to more effectively harness the potential of both methodologies for improvement of the company business.
The strategy of manufacturing/services and its strategic decisions with the business strategy positively impacts the performance of the company improving productivity and profitability, when the organization has a management model. It is possible to say then that for the competitiveness of the company, it is important that the choices made in the production of goods or services in relation to the use of resources, skills and improvement methodologies, for example, should be guided by business strategies and selected reference models.
